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Environmental contamination of dvinking water has beein obseried
Sfor perchlorate, « chemical able to affect thyroid function. This study
examines whether that exposwre affected the thyroid function of new-
borns, Neonatal blood thyroxine (1)) levels for days 1 to 4 of Iife were
compayed for newhorns from the cify of Las Vegas, Nevada, which has
perchlorate in ils drinking water, and those from the city of Reno.
Nevada, which does not (detection limit, 4 pg/L [pph]). This study is
based on blood I, anabyses from move than 23,000 navhorns in these
two cities during the period April 1998 through fune 1999, No
difference was found in the mean Wood T, levels of the newborns from
these two cities. Drinking walter perchlovate levels measured monthly for
Lus Vegus ranged during tins study period from non-detectable for 8
months to levels of 9 to 15 ppb for 7 months. Femporal differences in
mean 1T, level were noted tn both cities but were wnrelaied (o the
perchlorate exposure. This study was sufficiently sensitive to detect the
effects of gender, birth weight, and the day of life on which the blood
sample was taken on the neonatal T, level, but it detected no effect from
enviranmental exposwres to perchlorate that ranged wp to 15 pg/l

(ppb).

Consultants in Epidemiology and Occupanonal Health. Inc (Dre Z. Li. Dr F. L [ Lamime the
Preventive Medicine Restdency Program, Johes Hopkins School of Hygiene and Public Health «r 2
Li, Dr Lammi: Consultints in Toxicology, Risk Assessment. and Product Satety (Dr Byrdy: the
Newbom Screemng Program, Nevada State Health Division (Vs Deybler: and the Oregon State Pubhy
Health .aboratory (Mr Sesser. Dr Skeels).

Address correspondence 10 Steven H. Lamm. MD, Consultants in Epidenioiogy and Occupation.
Heath. Inc. 2428 Wisconsin Avenue, NW. Suite 603 South, Washington, DC 20007

Copyright © by American College of Occupational aod Environmentul Medicine

erchlorate competiively inhibits the
uptake of sodide o the thyroid
cland.' The pharmacology of per-
chlorate was well deseribed by
Wollf.” Biockade of iodine uptake
leads to incrcased serum thyroteopin
levels and decreased blood thyroxine
(T,) levels, Perchlorate s used med-
jcally o treat hyperthyroidism  of
vanous pathogeneses {eg. Graves'
Discase. amiodarone toxicily) at
doses of V0O me/day or less. Studies
of workers sihowed no etfect on thy-
roid function at 31 medday.’ Studies
of subjects ingesting oral perchlorate
doses of JO mg/diy tor 2 weeks
showed no effect on thyroid function
despite « demonstraied partial inhibi-
ton of jodide uptahe ™ Perchlorate
has heen shown in guinea pigs 10
cause a fetal goiter at dosages (1% in
water)y that did not canse @ maternal
coiter.?

Several public water supplies 10
California und southern Nevada con-
tain pevehlorate m the 4- o Lo-ppb
concentraiion runge. Newborns are
screcned for metabolic diseases in
hospitals and doctor’s offices in a
mandatory state-run program. These
programs include the measurcment
of neonatal T, levels as a screening
procedure for congenital hypothy-
roidism. An analysis of the data from
these programs ftor California and
Nevada has demonsuated that the
incidence ot congenital hypothyroid-
ism among childien born in areas
with perchlorate in drinking watet
did not differ from the incidence in
perchlorate-free areas.” The present
study supplements this observation
by examining for newharnsy in Ne-
vada whether there 1~ an effect on
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neonatal thyroid status as delermined
by the neonatal T, level associated
with the presence of perchlorate in
the drinking water.

Materials and Methods

The drinking water supply for
Clark County, Nevada, and s larg-
est city. las Vegas, comes from a
part of Lake Mead that is contami-
nated with perchlorate. In some
months, the level is below the detec-
tion limit of 4 ppb (ug/l.): in other
months the concentration s mea-
sured in the range of 4.1 to 15 ppb.
This is the only documented source
of perchlorate contamination of «
public water supply in Nevada. The
city of Reno, the second largest city
i Nevada. is 430 miles away in the
foothills of the Sierra Nevada moun-
tains and has an independent source
of drinking water that hus no evi-
dence of perchlorate contumination.

For the period April 1998 through
June 1999. we compared the meun
monthly T, levels of newborns in
two urban arcas in Nevada, one (Las
Vegas) with perchlorate and one
(Reno) without perchlorate in the
drinking water supply. The popula-
tion of Las Vegas is about 3 times
that of Reno. The study cohorts con-
sist of all newbhorns who had blood
samples submitted within 4 davs of
birth. who had birth weights between
2500 and 4500 grams. and who had
not been admited to a Neonatal In-
tensive Care Unit by the time of
blood sample collection. Demo-
graphic data on the newborns in-
cluded date of binh. date of sample
collection. gender. birth wetght,
birthplace, and office address of each
newborn’s pediatrician.

Outcome Variable

The outcome of interest was neo-
natal blood T, level. as measured by
the Oregon State Public Health Lab-
oratory for the Nevada State Health
Deparunent. All states measure neco-
natal thyroid status (either T, or sc-
rum thyrotrapin in heel blood ob-
tained in the hospital during the first
few days of lite. as pars of the legally

mandated  neonatal metabolic dis-
cases screening program. In Nevada,
over 80% of newborns also have a
later blood sample submitted for T,
analysis from the physician’s office
at a follow-up visit.

The Oregon State Public Health
Laboratory provides these anulyses
for the Nevada State Health Division
program, including births in both Las
Vegas and Rena. The laboratory
used a radivimmunoassay method®
ty analyze T, levels in the congenital
hypothyroidism screening program.
The blood T, data were analyzed as a
continuous variable. T, levels de-
pend on the stabiluy of the particular
assay method in a laboratory. The
QOregon State Public Health |.abora-
tory established stabilization of their
T, assay most recently in March
1998, thus defining the time period
of vbservation for this study as be-
einning in April 1998.

Exposure Variable

The exposure tactor ol primary
interest was perchlorate in drinking
water, which occurred in Las Vegas
and nol in Reno. Lake Mead i the
sole source tfor the public water sup
ply of Las Vegas. Perchlorate i the
intake of water to the city of Las
Vegas occurred when the turbulent
conditions of Lake Mead overcame
the thermal stratification ot the lake
and thus presented contaminated wai-
rer to the intake of the water supply.
Monthly measurements of the per-
chlorate levels in Las Vegas finished
water have been made since July
1997 by the Southern Nevada Water
Authority, using a method with a
detection limit of 4 ppb (pg/Ly de-
veloped by the California Depart-
ment of Health Scrvices. Sanitation
and Radiation Laboratory in Apri!
1997.7 Perchlorate was detectad in
the Las Vegas drinking water duning
7 of the I3 months in this study
period. Analyses have been per
formed comparing the T, levels of
the children born in the 7 study
months in which perchlorate was de-
tected in the Las Vegas wuter supply
(time period Ay and those born 1a the
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g study months in which perchlorate
was not detected in the Las Vegas
water supply (time period B). Per-
chlorate was also detected in the Las
Vegas water supply during the 9
months before the study period.
The water supply in Reno had no
connection with Lake Mead or the
sources of perchlorate in Lake Mead.
Instead, Reno derives 80% of s
supply [romn the high mountaias via
Lake Tahoc and the Truckee River
and 20% from local wells in the
Reno arca. Tests of the wazer sources
for Reno, using the same laboratory
method. detected no perchlorate ™

Statistical Methods

The distributions of demographic
variables of the newborns of the two
cities were compared using a chi-
squared test for categorical variabies
and a ¢ test for continuous variables.
The mean T, levels hetween the
17.308 newborns in Las Vevas and
the 5882 newbhorns in Reno were
compared in a univariate analysis,
both crude and stratitied by time
period. A muliivariate analvsis was
performed with T, level as the our-
come variable: city and time period
as the main eftect varables: and
gender, birth weight. and age at ume
of sample collection as the cevar
ates. An interaction term between
city and time period was included in
the model as a marker tor perchlorate
exposure. All statistical tests were
two-sided. and the cutoft probability
for a type | error was 0.05. All
analyses used Stata statistical soft-
ware (version 5.0y,

Initial analyses used the T, Jevels
ot the blood samples collected in the
hospital up through euach newborn’s
founth day of life and the perchlorate
level in the Las Vegas drinking water
during the month of birth, expressed
in g/l Subseguent anaivses used
the same T, levels and the cumula
tive perchlorate fevels, expressed in
pg/l.-months. tor either the 9 monzhs
of pregnancy or the time periad
cquivalent o the i tiimester of
pregnancy. Additional analysis used
the T, levels of the bloods submitted
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TABLE 1

Demographic Comparisons Between Las Vegas and Reno, Nevada of Newborns
Screened With T, Test (April 1998~June 1999)

Las Vegas Reno

(n = 17,308) {n = 5,882) P Value
Gender (% male) 513 511 0.779
Mean birth weight (G) 3,379 3,365 0.033"
Mean age at tme of sample 1.20 1.45 0.0000"

collection (days)

* Differences between the pairs are statistically significant at less than P = 0.05 tevel

TABLE 2

Analytic Comparisons of Mean Monthly Neonatal T4 Levels of Las Vegas and
Reno, Nevaca {April 1898 -June 1999), Directly and Stratified by Time Perioas

City-Specific Mean T,
Levels (pg/dL)

Total sample
Stratified by time period”
A (7 months)
B {8 months}
Difference between A and B

Place
Las Vegas Reno P Vaiue
17.11 17.12 0.9C1
168.78 16.77 0.876
17.37 17.41 0.692
-0.59 --0.64 0.699

* During the 15-month study period, time period A was defined as a combiration of those

months at which perchlorale levels were aetected in the drinking water in Las Vegas, Nevaca,
whereas time period B included the remaining months at which perchlorate level were rot
detected in the drinking water in Las Vegas, Nevada.

TABLE 3

Muitivariate Analysis of the Effects of City. Time Period and Their Interaction on
Neonatat T, Levels After Adjusting for Gender, Birth Weight, and Age at Time of

Sample Collection?

Difference in

Main effects and their interaction
City (Las Vegas vs Reno)
Time penod (B vs A)*
Interaction {city and *me period}
Contro: vanab:es
Gencer (‘emale vs maleg)
Birth weigtt (per 100C/G}
Age at time of sample collection!
1st vs 4th day
2nd vs 4th day

Mean T4 (ng/dL) 95% CI° P Vatue
-0.069 -3.232-0.094 0.407
0.585 0.484-0.7C6 C.000
0.021 -0.188-0.240 0.850
C.727 0.632-0.823 0.000
C.850 0.735-(0.9684 0.000
—-1.275 —-1.552-0.999 0.000
0.408 0.206-0.610 0.000
0.758 0.5638-0.978 0.000

3ra vs 4th day

2 Basea an a cohort of 23,190 newborrs delivered in Las Vegas. and Reno, Nevada, during
the 15-month period of Apri 1, 1998 and June 30, 1999.

® Cl, confdence interval,

- During the 15-month study period, time period A was defined as a comnination of those
months at which perchiorate levels were detected in the drinking water i1 Las Vegas, Nevada.
whereas time period B included the remaining months at which perchlorate levels were not
detected in the drinking water in Las Vegas, Nevada.

T The variable was treated as a categorical variable in the multivariate

from the physician’s offices and ex-
amined the differences in the mean
T, level of the infants of the two
cities by the age of the newborn in
days for the first 60 postnatal days.

Results

There were 23.303 newborns from
Las Vegas and Reno who met the
inclusion criteria during the 15-

month period between April [ 1998
and June 30, 1999, and 23,190 of
them (99.5%) had valid neonatal T
measurements. The values for 115
newborns were excluded either be-
cause of unsansfactory blood sam-
ples (n = I3 or invalid T, mea
surement (7 — 2). The final study
cohort consisted of 17,308 newborns
from Las Vegas and 35882 from
Reno.

Table 1 displays the distributions
and corresponding P values of three
potential confounding factors for the
two cities. The newborns from Las
Vegas and Reno did not differ in
gender distribution but did in aver-
age birth weight and age in days at
time of sample collection. The per-
centage of male infants in Las Vegas
resembled that in Reno, 31.3% ver-
sus 51.1% (P = (1L.779). The average
birth weight of 3379 G in Las Vegas
exceeded the average birth weirght off
3365 G in Reno (7 - 0.033), The
mean number of days between the
day of birth and the day of sample
collection also diftered significantly
between Las Vegas and Reno. 1.20
versus 1.45 davs (7 < 0.001).

Figure 1 displays. for the 13-
month period ot April 1998 through
Tine 1999, the monthiv mean neonu-
tal T, values for Las Vegas and for
Reno. These values are abour 17
pa/dl. with Titde ditference between
the two cities and lLittle  vartation
across the time period. No particular
seasonal variation 1s evident. Figure
1 also displays the perchlorate level
in the Las Vegas drinking water for
cach study month. Perchlorate was
detected in the drinking water in 7 of
the |3 months, ranging between 9
and 15 ppb (png/l). but not in the
other 8 months. The limit of detec
tion was 4 pph. Figure 1 shows no
covariation between the perchlorate
level in the Las Vegas drinking water
and the mean monthly neonatal T,
level in either Las Vegas or Renao.

Figure 1 shows that some months
lacked detectable perchlorate in the
l.as Vegas water, which allowed the
muroduction of a second exposure-
related variable. We desienated time
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Fig. 1. Temperal preseniction of mean maonthly neonatal T4 (ugrdly in Reno (dashed lire) and Las Vegas tbold liney and monialy perchloraie
(pph) level {columns) in Las Vegas drinking water. Detection hmit was 4 ppb (pg/l).

period A as the months with detect-
able perchlorate in Las Vegas water
and time period B as the months
without detectable perchlorate m Las
Vegas water.

Table 2 shows that the meun T,
level was 17.11 pe/dL in Las Vegas
and 17.12 peg/dl. in Reno (£ =
(0.901) in the analysis of the crude
data. Stratification ot the data by
timme period (period A and period B)
showed no difference between the
means of the two cities during either
period A or period B (ic. no place
effect). For each cily, there was a
difference in their mean T, levels tfor
period A and period B (ie. a period
effect). The period etfect was similar
in both cities (P = 0.699).

Table 3 displays the results of a
multivariate analysis. As in the crude
analysis, the multivariate analysis
demonstrated no statistically signifi-
cant difference in mean T, values
with respect to place (ie. Las Vegas
vs Reno; P = 0.407). However, it did
shaw a significant difference with
respect to period (ie. B vs Al P =
0.000). Because there was no signit-

icant interaction between place and
period, the period eftect could not he
cxplained by the presence of per-
chlorate in only one of the two
places. The above analysis was con-
trolled for gender, birth weight. und
age at time of sumple collection. all
of which were significant covari
ables (£ = 0.000 for each).

The above analyses used the mean
monthly T, level as the summary
statislic to represent the T, distribu-
tion in either city for any particular
month. This swatistic represents the
central tendency of the distribution.
The lower tail (or extreme) of the
distribution might ajso be used to
represent the T, distribution in either
city for any particular month. We
examined this by comparing the 10"
percentile levels for either city dur-
ing periods A and B and found that
the periad effects in the two cities
were indistinguishable. Thus, the
two cities did not differ in their
prevalence rates of low neonatal
blaod T, levels with respect to pres-
ence of perchlorate in the Las Vegas
drinking water.

Perchlorate concentration data ex
ist for Las Vegas for the 9 months
preceding this study period. An esti-
malc can thus be made on a monthly
basis ot the perchlorate exposure
those newborns would have had dur-
ing their full period of gestation. The
Las Vegas newhorny during this
study period would have had per-
chlorate exposures that ranged be-
tween 9 ppb-months (py/L-months}
and 83 ppb-months (mean, 48 ppb-
months): the Reno newborns during
this period are presumed to have bad
0 ppb-months. For each month, the
difference between meuan neonatal
T4 levels of the two cities was ex-
amined. along with the cumulative
perchlorate exposure ¢stimated 10
have been experienced by those new-
borns. Linear regression analysis
(Fig. 2y showed no evidence of an
association (slope = —0.0003; R7 =
0.002). Similarly. when estimated
exposure during the first trimester of
pregnancy wax used as the exposure
variable (0.0-36 pph-months; mean,
20 ppb-months), linear regression
analysis also showed no evidence of
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Fig. 3. Difterence tn mean T4 levels (po/dl) between Reno and Lias Vegas by age in days (1--60).

an association (slope = 0.0008; R =
(.002).

Most newborns in Nevada (82%)
have a blood specimen taken in the
physician’s office for a follow-up T,
measurement, 99% of which are
taken within the first 60 postnatal
days. Figure 3 shows on a daily basis
the difference between the mean T,
levels of the tnfants from Reno and
those tfrom las Vegas. Throughout

the first 60 days. there seems to be no
systematic difference between the
mean T, levels in the two cities.

Discussion

The primary purpose of the study
design was 1o compare the neonatal
T, levels in Las Vegus, where per-
chlorute was present in the drinking
water. with the nconatal T, levels in
Reno. where perchlorste was not

present. This coimparnison  showed
that perchlorate at eavironmental
levels of up to 15 ppb did not affect
nconatal T, levels during the study
peried. Our study design with respect
to T, levels eliminated city/rural
confounders by restricting the study
populations 10 urban births, inter-
laboratory variation by using data
from the same laboratory. and sca-
sonal etfects by taking comtempora-
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neous data. Our analysis demon-
strated that it was necessary to
control for the known confounders of
birth weight and age at time of blood
sampling. We found no difference in
the mean T, levels between the 1wo
cities. though we did find a period
effect in the multivariate analysis.
Because the period effect was essen-
nially the same in Las Vegas and in
Reno. 1t could not be explained by
the presence of perchlorate only in
the Las Vegas drinking water. These
findings demonsirate the impurtance
of having a comparison population.
The most probable explanation re-
lates 10 minor temporal changes in
jaboratory procedures or materials or
seasonal variation, Early treatment of
congenital hypothyroidism has been
found to prevent intellectual loss in
all but those with very low neonatal
T, levels. Tillowson et al® demon-
strated in Great Britain that the mean
1Q of children with (T,) values
above the threshold of 42.8 amol/
(3.34 pg/dl) was close to thar of
cantrols of similar social class. None
of the newborns in this study was
found to have a T, value below 3.70
pe/dl?

Data do not exist on how many of
the 23,190 women consumed public
water during their pregnancy. How-
ever, there 15 no reason to belicve
that that consumption would have
changed during the time period of
this study. Therefore, it is assumed
that the temporal pattern ot perchior-
ate concentration in the Las Vegas
drinking water mifrors the temporal
pattern of perchlorate consumption
by the maternal population in Las
Vegas. The Environmental Protec-
tion Agency has traditionally as-
sumed that each adult consumes 2 L.
of water per day, without making any
specific distinction as to whether or
not they are pregnant. We used the
same 2-L per day assumption in our

calculations. Any variation from that
assumption, however, should be uni-
torm over the time period of our
study and should not cause a differ-
ential effect on the analvsis. Norne-
theless, dose reconstruction cun be
performed by using these assump-
tions. The cumulative exposures
ranged from 0.9 to 42 mg with a
mean of 2.2 mg during the pregnancy
(1e, 2.2 mg perchlorate per gesta-
tional penod), and from O to 1.7 mg
with a mean of 0.9 mg during the
first trimester.

There is litle literature on the
cffects of perchiorate exposure dur-
ing human pregnancy. Qur earlier
article® demonstrated no increase in
the incidence of congenital hypothy-
roidism in arcas of California and
Southern Nevada with perchlorate in
the drinking water, also at levels up
1o 16 ppb. Neither our earlicr nor the
current article showed any effect
from low environmental contamina-
fion levels with exposures of up to 32
ug/day. On the other end of the fetal
exposure spectrum is the expertence
with perchlorate as a therapeutic
agent. In 1960, Crooks and Wavne'?
reported in Lancer their results from
treating 12 women with thyrotoxico-
sis of pregnancy with potassium per-
chiorate at exposures of 6000 ro 2000
mg/day. They noted that “one of the
infams had a very slight enlargement
of the thyroid gland which disap
peared within 6 weeks. The remain-
der showed no abnormality ol any
kind.”

Although no analysis can rule out
a small effect of these perchlorate
exposures on neonatal T, levels, the
current study does rule out a signifi-
cant effect. Because this study found
that mean blood T, levels differcd
significantly with sex, birth weight,
and age at time of sample collection,
it likely had sufficient statistical
power to detect any significant
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change induced by these perchlorate
exposures. We conclude that per-
chlorate in drinking water at a level]
of up to 15 ppb had no detectabie
effect on neonatal T, levels in this
population.
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